IMECE2008-67101 AN INTERNET-BASED QUALITY LABORATORY VIA INTEGRATION OF REMOTE ROBOTIC OPERATION AND NONDESTRUCTIVE ULTRASOUND EVALUATION by Richard Chiou et al.
 
Downloaded FromProceedings of IMECE 2008 
ASME International Mechanical Engineering Congress & Exposition 
October 31-November 6, 2008, Boston, Massachusetts, USA 
 IMECE2008-67101 
AN INTERNET-BASED QUALITY LABORATORY VIA INTEGRATION OF REMOTE 
ROBOTIC OPERATION AND NONDESTRUCTIVE ULTRASOUND EVALUATION  
 
 
Richard Chiou, Vladimir Genis, Warren Rosen, and Anthony Moulton 
Applied Engineering Technology 
Goodwin College of Professional Studies 
Drexel University 
Philadelphia, PA 19104 
 
Yongjin Kwon 
Industrial and Information Systems Engineering 
College of Engineering 
Ajou University, South Korea 
 
IMECE2008-67101
Proceeding  of IMECE2008
2008 ASME International Mechanical Engineering Congre  and Exposition





This paper discusses the integration of a remote robot 
laboratory with nondestructive ultrasound evaluation (NDE) 
experiments. A remotely automated quality inspection system is 
designed to analyze dimensions as well as detect internal flaws 
of parts via an Internet-based NDE system. The remote quality 
inspection system includes: Internet controllable robot via 
Ethernet connection, multiple Web-cameras, Ultrasonic 
Automatic Flaw Detector, LabVIEW module, and computers 
with Internet access capable of remote connection. The 
uniqueness of the project lies in making this process Internet-
based and remote robot operated. An Internet-based procedure 
such as the one we are developing will allow industrial 
companies involved in NDE procedures to increase 
productivity and profits by allowing an employee to monitor 
multiple operations over the Internet without having to be at a 
specified location. In addition, the utilization of remotely 
controlled robots for educational purposes is expected to 
increase the degree of immersive presence of the students 
engaging in such Internet-based laboratory exercises as well as 




Web-based gauging, measurement, inspection, 
diagnostic system, and quality control have become critical : https://proceedings.asmedigitalcollection.asme.org on 07/01/2019 Terms of Usissues in the integration with e-manufacturing and information 
management systems.  Different equipment is now being 
connected to the Internet for a myriad of remote access 
applications. One such area, e-manufacturing, integrates every 
level involved in the manufacturing process from the factory 
floor—from the suppliers to all the way up to the customers—
through the Internet medium [1-6].  Different activities ranging 
from product design, prototyping, task scheduling, preventive 
maintenance and troubleshooting support, and machining and 
assembly [7-10], which have established norms in the 
manufacturing industry, are now seeing a sweeping change in 
the way they are being done with the introduction of e-quality 
techniques [11-12].  
 
To shorten the inspection time and enhance the 
accuracy of measurement results, it is necessary to replace the 
manual inspection by intelligent or smart systems. There have 
been many investigations on employing Internet-based robotic 
systems to handle testing of materials. Chiou et al. [13] 
developed robot-assisted statistical process control 
incorporating Web-based machine vision system for part 
inspection in a conveyor. Fung et al. [14] presented the 
performance of a stepper-motor-based robot system that exerts 
a prescribed tension on fabrics to facilitate inspection process. 
Xu et al. [15] presented a seam vision tracking system as a 
weld seam finder, flatness detector, and weld seam tracker in 1 Copyright © 2008 by ASME 
e: http://www.asme.org/about-asme/terms-of-use
Downlowelding robot systems for trajectory control, sensory feedback 
control through network.  
 
In this paper, a Web-based nondestructive ultrasound 
evaluation system integrated with an Internet-controllable robot 
system and an automatic couplant dispensing system is 
described. The automatic dispensing system is designed to 
dispense couplant on the specimen prior to evaluation. This 
project incorporates the use of a Web-controllable robot for real 
time online nondestructive evaluation (NDE) to detect and 
characterize physical properties and discontinuities in the 
objects through the Internet. In addition, calibration procedures 
of the NDE equipment can be also performed remotely. This 
process utilizes the Internet to allow the operator to: (1) 
conduct the NDE process in real time, (2) alter programmed 
robotic movement if necessary, and (3) adjust the NDE 
equipment to maximize system performance. The Web-based 
quality system allows the robot and quality inspection system 
to communicate, share design data, information and knowledge 
through the Internet.  
 
In conjunction with high-tech education, the Internet-
based Quality Laboratory for student learning has been 
developed in the Applied Engineering Technology (AET) 
program at Drexel University. During the academic year 2007-
2008, the new courses EET 203 (Nondestructive Evaluation of 
Materials), MET 204 (Applied Quality Control), MET 205 
(Robotics and Mechatronics) were offered to pre-junior and 
junior AET students. This facility allows all AET students at 
Drexel, as well as students at remote locations, to be involved 
in the same educational and training process in remote robotics, 
NDE, and quality control. By expanding training opportunities 
to students who might not otherwise take advantage of them 
due to distance and time, this facility helps reduce the shortage 
of trained specialists in the fields [16-20]. One of the main 
goals of the project is to develop a national/international real-
time E-quality laboratory with the NDE facility and provide 
greater course delivery flexibility for the enhancement of the 
student online laboratory learning.   
WEB-BASED LABORATORY ENVIRONMENT   
 
The remote robotic control system and the ultrasonic 
flaw detector used for nondestructive Internet-based quality 
testing are described in the process flow chart in Figure 1. This 
project simultaneously provides the Drexel AET program with 
the ability to offer online real-time NDE laboratory 
experiments to students who are located at satellite locations. 
The laboratory experiments allow AET students to: (1) become 
acquainted with NDE instrumentation and its functions, (2) 
conduct and evaluate NDE procedures in real time allowing 
students to gain insight into NDE processes, and (3) introduce 
students to Internet-based robotics and mechatronics.   
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Figure 1. Process flow chart 
 
          The laboratory facility in conjunction with the remote 
robotic control system and the Web-based nondestructive 
ultrasound evaluation system is shown in Figure 2.  The 
equipment includes the following: Yamaha YK220X Scara 
robot with on-board ethernet card, Yamaha RCX40 controller, 
ultrasonic transducer, GE Inspection Technologies ultrasonic 
flaw detector USM 35, precision robot platform, transducer 
fixture, couplant dispensing system, and step calibration 




















Figure 2. Internet-based quality laboratory environment  
 
The software includes Yamaha VIP Windows software and 
LabVIEW. The robot controller is capable of connecting to the 
Ethernet and can also be controlled using a PC/Server. These 
YK220X Sacra Robot 
Ultrasonic Flaw Detector USM 35 
Robot Controller 
Step Calibration Block 
Couplant Dispensing System 








devices are connected by Internet Protocol (IP) address over 
the network. Network means the connection between the 
devices in the work area as well as with the users. Network 
used here is local area network (LAN) which is connected to 
Drexel University server. PCs connected to this LAN and 
outside the LAN can have access to the devices on the network. 
All the components including robot, cameras, ultrasonic flaw 
detector may be interconnected via a local intranet and 
connected to the Internet through a server which has its own IP 
address.  Two Web-cameras are used for constantly viewing the 
robot movement. 
 
WEB-BASED ROBOTIC CONTROL ARCHITECTURE 
 
          Figure 3 shows the control circuit for integration of the 
NDE system with the robot and the dispensing system for quality 
inspection through Internet. The robot control is programmed for a 
process with logical operations by labeling inputs and outputs. The 
sequence control program should be designed based on the logical 
flow so that the required electric circuit can be connected with the 
Yamaha RCX40 controller, as well as the input and output 
modules. The automatic couplant dispensing system consists of 
a solenoid valve, a couplant containment tank, and a couplant 
dispensing tube.  The air source provides pressure for couplant 
fluid stored in the tank to flow to the couplant dispenser when 
the solenoid valve is actuated.  The amount of couplant fluid 
dispensed on the top surface of material is dependent upon the 


















Figure 3. A control circuit for integration of the NDE system with 
the robot, and the dispensing system for quality inspection through 
the Internet.  
 
 
To allow remote operation, the Yamaha YK220X 
Scara robot facilitates the ultrasonic testing. A fixture attached 
the transducer and the couplant dispensing apparatus is 
connected to the robotic arm. The Yamaha VIP Windows is the 















ded From: https://proceedings.asmedigitalcollection.asme.org on 07/01/2019 Terms of Usecalibration program.  It executes instructions via a serial port 
connected to the robot controller which facilitates the inputs 
and outputs for the robotic operations.  The system integration 
enables the computer to automatically perform the sequence of 
tasks outlined by a user when the students start the equipment 
from a remote site.  Yamaha VIP Windows is applied as 
assistant software for multiple axes robot controller and robots. 
It can be used to create and edit programs, teach points, define 
parameters, and shift and/or run data directory used with robot 
controller. As shown in Figure 4, the Yamaha VIP Windows 
software for robotic operations enables information exchange 





Figure 4. Remote Robotic Operation by Yamaha VIP Windows 
software.  
 
NONDESTRUCTIVE ULTRASONIC EVALUATION 
SYSTEM    
 
BASIC ULTRASONIC INSPECTION SYSTEM 
 
Figure 5 shows a basic ultrasonic inspection system 
consisting of several functional units: a pulser/receiver, 
transducer, and display devices. A pulser/receiver is an 
electronic device that produces a high-voltage electrical pulse. 
Driven by the pulser, the transducer generates high-frequency 
ultrasonic energy. The sound energy proceeds to propagate 
through the materials in the form of an ultrasonic wave. When 
there is heterogeneity (such as a void or a crack) in the wave 
path, part of the energy will be reflected back from the surface 
of the heterogeneity. The reflected wave is transformed into an 
electrical signal by the transducer and the resulting reflected 
signal as a function of time is displayed on a screen. In the 
image to the left, the reflected signal strength is displayed 
versus the time from signal generation to when an echo was 
received. Signal travel time can be directly related to the 
distance that the signal traveled. From the signal, information 
about the reflector location, size, orientation and other features 
can sometimes be obtained.  
The method we utilize to determine quality of various 
machine parts without compromising their integrity is by 3 Copyright © 2008 by ASME 
: http://www.asme.org/about-asme/terms-of-use
Downnondestructive evaluation.  For this process, we use a 5 MHz 
ultrasonic transducer.  The ultrasonic transducer is a device that 
takes an AC or oscillating voltage source and converts that 
source into acoustical vibrations by applying a cathode and 
anode electrode to opposite ends of a piezoelectric crystal. The 
crystal is a material with polarized molecules that array along 
an electric field induced by the electrodes.  When an AC signal 
is applied to the electrodes, the electric field changes polarity 
causing the dimensions of the piezoelectric material to vibrate. 
The mechanical stress placed upon the crystal causes it to emit 
ultrasonic energy at the frequency of the applied electric signal 

















Figure 5. A basic ultrasonic inspection system 
 
Once a signal is sent and received by the transducer, 
the echo signals are analyzed by the ultrasonic flaw detector as 
shown in Figure 6.  The time delays between the time of 
transmission of each pulse and the times of reception of each 
reflected signal are used with the velocity of sound in the 
material to generate an amplitude vs. depth plot, as shown in 
Figure 5.  Each spike in the graph represents a portion of 
energy of the signal reflecting from each change in density the 
signal transverses through.  The initial spike indicates the point 
where the signal travels from the couplant to the material being 
tested.  If couplant is excluded an accurate measurement cannot 
be obtained since most of the energy would be reflected off the 
surface of the machine part where the transducer is applied (i.e. 
acoustic impedance mismatch).  This is due to a large 
difference between the density of air and the machine part.  
Following the initial spike is the spike representing the depth of 
the back wall of the machine part.  Any reflected signals 
between these two spikes represent some heterogeneity which 
might be a void or a material impurity. The experiments 
described below can be carried out using the equipment: (1) 
Measurements of the sound velocity in water, (2) 
Measurements of the sound velocity in other materials, (3) 
Directivity Pattern Measurements, (4) Measurements of the 























   
loaded From: https://proceedings.asmedigitalcollection.asme.org on 07/01/2019 Terms of UseEvaluation of homogeneity of various materials used in 
industrial applications, (6) Detection and localization of 
heterogeneities in the materials, such as flaws, cavities, layers, 
and holes, (7) Measurement of the dimensions of various parts 
and components, where conventional methods (such as rulers 
and calipers) cannot be applied, and (8) Diagnostic evaluation 
of the structures of various materials by measuring the sound 
speed and attenuation.  




Fig.6. Automatic flaw detector USM 35. 
 
 
COUPLANT DISPENSING SYSTEM   
 
In order for the project to be able to be operated 
remotely, it is necessary to develop a system that would 
dispense ultrasonic testing couplant on each specimen prior to 
evaluation.  The system is composed of three main 
components: 1) an air pressure regulator, 2) a direct acting 
solenoid valve, and 3) a pressurized couplant containment tank.  
The couplant containment tank is regulated to a pressure of 15 
psig (29.7 psia) via the air pressure regulator connected to a 
compressed air line.  The system remains at constant pressure 
until the direct acting solenoid valve is activated by the motion 
programs in the VIP Windows software. Once the output is 
energized, the electromagnet in the solenoid valve energizes, 
causing the valve to open and couplant to flow. The pressure 
differential created by the compressed containment tank forces 
the couplant to flow through the tubing and onto the surface 
that is being tested.  It was determined through trial and error 
that the optimal time for the solenoid valve to be open was 
2000 ms.  This delay allows three drops of couplant to be 
dispensed onto the testing surface and was the minimum 
amount that would facilitate accurate ultrasonic testing. The 
couplant dispensing system is shown in Figure 7.  
 




Figure 7. Couplant dispensing system 
 
TRANSDUCER FIXTURE       
 
The transducer fixture accomplishes three goals: 1) 
grasp the transducer without any slippage, 2) hold the 
transducer in such a way that the surface of the transducer 
would be parallel to the testing surface, and 3) accomplish 
these two tasks without causing any damage to the transducer. 
Since the transducer is of relatively small physical size 
(approximately one-half inch in diameter by one-half inch in 
height) there was very little surface area for clamping.  This 
task was further complicated by the fact that one of the four 
possible clamping sides of the transducer was occupied by the 
BNC connector cable.  It was decided that our transducer 
fixture would utilize the knurled edges of the transducer by 
clamping in from two of the three remaining sides.  This central 
spring would protect the transducer by allowing the fixture to 
absorb the undesired pressure through the incorporation of a 
low-force-constant spring that allows for up to two inches of 
travel in the vertical direction as shown in Figure 8.   
 
Due to the fact that the top of the transducer is convex 
it was difficult to ensure that the bottom surface of the 
transducer was parallel to the testing surface.  In order to 
correct this problem the interior plunge of the fixture was 
machined down by 0.004”.  This increased the tolerance 
between the interior and exterior pieces of the fixture and 
allowed for some inaccuracy of the transducer angle by 
automatically adjusting the exterior portion of the fixture that 
secured the transducer. It was important that the transducer 
fixture had to be light weight so as not to exceed the robot’s 
maximum lifting capacity of 1 kg (9.8N).  It was decided that a 
polymer composite material would be ideal for this application, 
meeting both the necessary light weight and strength criteria.  
We chose to construct the exterior portion of our fixture from 
Plexiglas for aesthetic purposes and the interior plunge and 
clamping arm are constructed from natural colored Derlin. 
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Figure 8. Transducer fixture 
 
NDE EXPERIMENT INTEGRATED WITH ROBOT 
THROUGH INTERNET  
 
The system integration enables the computer to 
perform a sequence of tasks outlined by a user, automatically, 
when the user starts the equipment from a remote site.  The 
sequence control is primarily accomplished by the use of 
LabVIEW and Yamaha VIP Windows programming. The 
sequence control is primarily accomplished by the use of 
Yamaha VIP Windows programming. The controller (RCX40) 
is connected to a computer (we would treat it as a server as it 
awaits for commands from user/client and sends it to the 
controller). The connection between the controller and the 
server is made by using RS 232C cable connected to the COM 
1 port of the server. For viewing the workspace a Web-camera 
has been used as shown in Figure 9. This software enables to 
run the robot manually by typing specific destination points, or 
automatically by writing a program. Two Web-cameras are 
accessed using Microsoft Internet Explorer and typing in the IP 
address of the camera. For security reason the camera is 
password protected. It can be accessed in two modes: 
demonstration mode and complete access mode. The Yamaha 
VIP Windows Software on the server can also be accessed from 
anywhere using Remote Desktop.  
 
Before any machine part is tested, the USM 35 
ultrasonic flaw detection unit and transducer must be calibrated 
for the material type being tested. The instrument (transducer 
and the USM 35) has to be calibrated with a step testing block 
in order to precisely measure depth in a specific material by 
comparing its measurements to a standard. As shown in Figure 
10, the step calibration block consists of a series of five steps 
with varying depths of .100” to .500”.  
 





















Figure 9. Web-Interactive quality inspection using LabVIEW 
and Yamaha VIP Windows. 
 
Only two steps need to be selected for calibration.  
The reference depths, labeled REF1 and REF2, are adjusted on 
the USM 35 ultrasonic flaw detection unit to the depths 
corresponding to each selected step. Couplant and the 
transducer is applied to the first step, the A-GATE cursor is 
adjusted to intersect the spike of the back wall reflection, REF1 
is selected and highlighted, and then CALIB is entered on the 
USM 35.  The process is repeated for REF2.  The transducer is 
then applied to each step to ensure the correct corresponding 
depth is displayed accurately to a thousandth of an inch. A 
remote connection to the USM 35 ultrasonic flaw detector is 
established by accessing the USM 35 file under the File menu 
in the LabVIEW program.  This file displays an interface that 
corresponds to the options and commands of the USM 35.  The 
USM 35 Interface experimental data can be viewed by both (a) 
LabVIEW Virtual Instrument (VI) and (b) USM 35 through 

















Figure 10. NDE transducer and the couplant dispensing system.  
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Figure 11. Experimental data viewed by (a) LabVIEW VI and 
(b) USM 35 through Internet.   
 
 
The real-time remote control of the USM 35 device 
has been developed. The backbone of the IP-based instrument 
consists of a Polycom VSX7000 system. The local site with 
portable ultrasonic flaw detectors utilizes a Sony HDR-SR5 
camcorder for capture and recording of the experiments and 
several LCD or Plasma monitors for visual display of the data.  
GE Inspection Technologies’ UltraDoc software allows for 
control and data transfer to and from the portable ultrasonic 
flaw detectors. UltraVNC (Virtual Network Computing) 
software enables remote control and data transfer from the local 
computer connected to the Flaw Detectors and the camcorder 
simultaneously. Utilizing UltraVNC and UltraDoc control 
function and commands, one can remotely control and change 
any setting of the Flaw Detectors, such as calibration of flaw 
detectors and evaluation of the test objects.  6 Copyright © 2008 by ASME 
e: http://www.asme.org/about-asme/terms-of-use
DownloEDUCATION ACTIVITIES IN LABORATORY COURSES 
 
The three-credit, quarter-based (eleven weeks) NDE 
course EET 203 consists of lecture and laboratory work each 
week.  Labs are organized around current developments in the 
field of ultrasound NDE of materials. During the laboratory 
sessions, students are introduced to tools, methodologies, and 
techniques that may be useful to solving the problem. The 
course MET 204 Applied Quality Control has been restructured 
with e-quality experiments in the Winter term 2008. The course 
provides a requisite understanding of statistics process control 
and remote quality inspection for students to progress to the 
advanced level in the curriculum.  The course also serves as a 
means for students to gain exposure to advanced industrial 
quality control concepts before students take senior design 
project.  In addition, the remote quality inspection experiment 
has been been implemented in the course MET 205 Robotics 
and Mechatronics in the Winter term 2008. Students learn 
about Web-enabled robots through the integration of Internet-
based quality technology and industrial robotics from the 
laboratory experiments.   
 
During the laboratory sessions students are able to 
control NDE devices via computers allowing integration of the 
experiments with Internet-based automation technologies. The 
remote operation is the unique aspect of our ultrasonic quality 
assurance.  A remote connection is established over a TCP/IP 
connection to a dummy terminal that has a connection to the 
robot controller, the USM 35 ultrasonic flaw detection unit, 
LabVIEW and VIP Windows.  This connection is established 
using UltraVNC, which allows a user to control a computer 
from a remote location by entering the IP address of the 
terminal.  Web-cameras give the user observation of the unit 
and a better understanding of the operation of the unit as it 
commences.  One Web-camera is displayed with a view of the 
robot and its operations within its Windows of influence.  
Another Web-camera is positioned with a view of the USM 35 
to ensure the correct functions are being assessed via 
LabVIEW.  Both Web-cameras have built-in Network Interface 
Cards (NIC) and thus can be accessed by entering their 
corresponding IP addresses. After students carry out 
experiments in the laboratory courses, they need to evaluate 
their results using various methods and techniques, and 
describe the results of the experiments in individual reports for 
each laboratory session. Assessment and evaluation of the 




          The paper presents the development of a Web-based 
Quality Laboratory integrated with an Internet-controllable 
robot. The Web-based quality inspection process has been 
successfully developed to allow nondestructive ultrasound 
testing equipment to be operated by a robot at remote locations.  
The Web-based quality laboratory is used as a real-time online  
aded From: https://proceedings.asmedigitalcollection.asme.org on 07/01/2019 Terms of Uslaboratory learning environment and the facility for its 
usefulness provides a high-tech understanding in terms of 
students’ online learning by doing. It also allows students 
located at community colleges to perform nondestructive 
testing experiments at Drexel University. It provides a requisite 
understanding of Internet-based robotics/automation/quality for 
students to progress to the advanced level in the curriculum. 
Such an advanced technological curriculum has offered a 
unique career pathway to students interested in advanced 
engineering technology through the full-time program at 
Drexel, dual degree programs with community colleges, and 
2+2+2 programs incorporating also high schools in the Greater 
Philadelphia Region.  
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